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1 Model-based prediction
Many of the advances in climate science over the last
few decades have been manifest in climate models.
Realism and skill have increased over time – though
not necessarily proportionally – as more processes
have been parameterised. Land surface processes are
among the most recent additions and these lend
themselves naturally to the simulation, within the
climate model, of derived quantities such as crop
yield (Osborne et al. 2007). This is part of a broader
extrapolation of climate variables, which need not
happen within the climate model, into impacts such
as those on agriculture (Challinor et al. 2004) and
health (Thompson et al. 2006). Climate impacts
research is a growth area, with emerging
methodologies and resources (Challinor et al. 2008a).
A particular area of growth in climate science over the
last decade is in the use of ensembles, where one or
more climate models are used to quantify the inherent
uncertainty in climate prediction (Collins and Knight
2007; Lejenäs 2005). This is the result of both ongoing
increases in computer power and the realisation that
increased realism alone is insufficient to maximise
forecast skill. There is the potential to increase the skill
of seasonal forecasts and also to produce forecasts
seamlessly at a range of timescales (WCRP 2008), but
how useful are these developments likely to be in
supporting pro-poor adaptation?
Climate impacts research can increase the relevance
of climate forecasts. However, as explained in the
third section here, care should be taken to strike the
right balance between relevance and accuracy. Also,
models of climate impacts should be used with
appropriate consideration of their limitations. There
can be a tendency within parts of the scientific
community to view models as the repository of
scientific knowledge, when in fact the fundamental
source of knowledge is people: the scientists
themselves, practitioners and stakeholders. This
paradigm, whereby models are trusted principally
because of the many independently tested equations
they contain, can result in over-confidence in results.
When it comes to equations in a numerical model,
more is not necessarily better. A model with many
equations will have many associated parameters.
Finding the correct value for every single parameter
is unlikely, especially when parameters are not
directly measurable, and/or represent complex
interactive processes with non-reproducible results
(both of which often occur in biological systems). This
difficulty in constraining a large set of parameters
with only limited observations increases the risk of
getting the right answer (model output equals
observations) for the wrong reason (the model has
been overly ‘tuned’).
Consider as an example, a crop model with yield as
its principal output. The model may perform well
when the many parameters of the model are tuned
to observed yields, while performing poorly in the
absence of this tuning – exactly the circumstances
when the model is needed and implicitly trusted
(since there are no observations of yield). Having
fewer parameters can reduce the risk of over-tuning
(Cox et al. 2006). This pragmatic approach can result
in a number of models that give a good fit to
observations, so that there may be more than one
acceptable model (Beven 2006). In crop modelling,
this approach has the advantage that it simulates at a
systems level that is near to crop yield, which is the
variable of interest (Sinclair and Seligman 2000).
Whichever approach is taken, model tuning (or
calibration, as it is more commonly known) is an
important step in producing a viable model.
However, as outlined above, and as explored in more
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detail by Challinor and Wheeler (2008a), the
relationship between model complexity and
calibration should always be carefully explored.
2 A framework for informing adaptation
Challinor (2008) discusses the conditions under
which forecast information can usefully affect
decisions made by farmers, extension workers,
governments or international organisations.
Forecasts should be: (i) reliable, (ii) in appropriate
context, (iii) relevant, and (iv) perceived to be useful.
(i) Reliable: While inherent uncertainties mean that a
positive outcome may not result every time a
forecast is acted upon, overall benefit should
emerge over time. Thus, uncertainty should be
known to some degree of accuracy, and a risk
management approach should be taken. Reliability
is a formal and well-defined concept within
seasonal probabilistic weather forecasting: for a
perfectly reliable system, half of all forecasts
stating a 50 per cent chance of rain are followed
by rain. At longer lead times, such as for climate
projections, reliability cannot be quantified. At any
lead time, unreliable projections are likely to result
in incorrect assessment and management of risk.
(ii) In appropriate context: A holistic, systems
approach should be taken, so that all the factors
affecting the decision are accounted for. Many of
these factors will be uncertain, and their
interactions will produce further uncertainty.
Adaptation options are needed that take account
of the full range of stresses on the poor. This is
particularly challenging, since the needs of the
poor are highly diverse, both geographically and
between people within a given region (Morton
2007). Hence, studies of decision support for
cropping systems in different parts of the globe
are likely to differ in their conclusions (Gadgil et al.
2002; Hansen 2005). The condition of holism
implies a need for knowledge and research from
more than one discipline.
(iii) Relevant: The variables, spatial scale and lead time
of climate projections should be appropriate to
the decision in question. A common problem
with the use of climate model output is that the
resolution is too coarse. Where crop yield
forecasts are needed, this disparity in spatial scale
can be overcome by either using location-specific
decision support models (Boote and Jones 1998)
with downscaled climate model output models
(Hansen 2005; Southworth et al. 2002), or
through a ‘large area’ approach, where climate
impacts are simulated on the climate model grid.
This latter method may use empirical (Iglesias et al.
2000) or processed-based (Challinor et al. 2004)
models. Empirical methods can introduce
significant errors through the linearisation of the
equations for crop yield (Challinor et al. 2006)
and/or the use of monthly data, which cannot
account for sub-seasonal variability in weather.
Process-based large-area models, while being
potentially prone to aggregation error (Hansen
and Jones 2000), have shown promising results in
current climates (Osborne et al. 2007; Chee-Kiat
2006; Challinor et al. 2005a,b).
(iv) Perceived to be useful: Unless this condition is
met, the forecast will not be acted upon. The
information given should therefore be credible and
legitimate (Patt and Gwata 2002). This implies that
pro-poor adaptation should be based upon – not
merely relevant to – the needs of the poor. Since
these needs will vary geographically, with sector,
and with social structure, it is essential that the
potential benefactors of scientific advances, and
the resulting information that supports adaptation,
are involved in adaptation studies from the start.
The heterogeneity of needs (iv), and of stresses (iii),
has profound implications for the ability of science to
support pro-poor adaptation. No scientific panacea
can exist for the problems of the poor. However, as
in all human endeavours, scientists can choose
whether or not their work will try to prioritise the
needs of the poor.
3 Prioritising the poor: top-down or bottom-up
approaches?
Pro-poor adaptation supports livelihoods by finding
effective strategies to cope with environmental
change, and by addressing the local and institutional
barriers to the use of these strategies. In doing so, it
must deal both with the differentiated nature of
poverty and the implications of uncertainty in the
assessments of environmental change. How can the
scientific advances outlined in the first section best
serve the needs of the poor? Many of these advances
are technologically driven (‘top-down’), rather than
needs-driven (‘bottom-up’). While it is now common
for research and development projects in climate
science to incorporate a component on applications
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and/or impacts, it is not clear that this goes far
enough towards addressing real-world needs.
Washington et al. (2006) argue that, in Africa,
developing coping mechanisms for climate variability
is the logical first step in dealing with climate change.
This requires data, which is a serious constraint on
African climate science. Hence, it may be more
weather stations, rather than more climate
simulations, that are needed in order for scientific
understanding, and the coping capacity that it
informs, to grow. Observations can also have more
direct benefits, as part of a programme of
participatory research. For example, in Colombia rain
gauge data has been used to correct farmers’
assessment of the principal growing season
(Oberthür, personal communication 2002). The issue
of data availability is one example of how science may
be allied more closely with the needs of the poor. It
suggests that science might be better tailored to
needs by being less driven by technological
advancement. Instead, one might start with the needs
of the poor, and carry out science accordingly.
Starting from societal needs has implications for
relevance: a scientific study may not be relevant beyond
the region in which it was conducted. Relevance is also
affected by the methods used. In practice there is often
a trade-off between relevance and accuracy (Challinor
et al. 2008a). Quantitative methods may be able to
simulate climate, and even link it to crop yield; however,
the relevance of these simulations to a farmer may be
low. In contrast, farming systems develop highly
relevant, but perhaps inaccurate, information systems.
These are often in the form of proverbs, such as ‘Uttara
chusi, yattara gampa’ (Wait for rainfall during September
13–26; if it fails, leave the place), from south India.
While it is no doubt true that the Uttara rains are
important for crops, the accuracy of this proverb will
depend on the crop, the planting date, crop
management and development of the season pre-
Uttara. Wheeler et al. (2005) tested this proverb against
their crop model, using both as methods of predicting
crop failure. They found their model to be better at
simulating the three lowest-yielding years than the
proverb. However, this analysis contrasts formal and
local knowledge using the constructs of science
(empirical measurement of yield and rainfall, simulation
models) rather than those of society (livelihoods,
income). In other words, such a comparison does not
prove that a model is more useful than a proverb;
merely that it is more accurate for a given metric of
crop productivity, using a given dataset.
Even where scientific information is both accurate
and useful, the information often does not reach
those who need it, due to poor communication
channels. Even where information is available, it is
not always used, either because of a lack of
resources or because of other barriers. For example,
where seasonal forecasts are available, both accuracy
and usefulness along with other constraints can limit
the uptake of forecast information (Patt and Gwata
2002). The format of forecasts, and their
probabilistic nature, can also be barriers to their use.
One way around these problems is to have
organisations designed specifically to use forecasts,
rather than attempt to have them used directly by
farmers. Agricultural extension workers and crop
insurance schemes are two examples of this. These
can be seen more broadly in terms of the
mainstreaming of climate information, or ‘climate
proofing’, which are ways of integrating knowledge
into decision-making structures.
Such mainstreaming is a top-down concept,
reflecting to some degree the order given to the
items in the adaptation framework in the second
section (reliability, context, relevance, perception).
The first two items, reliability and context, are both
firmly within the domain of the natural scientist: it is
a matter of professionalism for a modeller to
produce forecasts that are reliable, and complete in
their consideration of the processes involved.
Relevance is something that a natural scientist can
assess to some degree, though certainly not without
engaging others. In short, the concepts become
increasingly subjective, something that many natural
scientists try and avoid.
How might a more bottom-up framework for
adaptation look? Perhaps it would prioritise the
perception of usefulness, by focusing scientific effort
where the perceived benefit is greatest (e.g. increasing
the number of weather stations or setting up insurance
schemes). However, just as the scientific community
cannot assess relevance without reference to potential
beneficiaries, the potential benefit of science can only
be assessed in conjunction with knowledge of that
science. Perhaps, then, it would prioritise relevance.
However, the heterogeneity of needs and of stresses
implies geographical variation in the science needed to
promote the wellbeing of the poor. Therefore, while
there is a useful inherent focus on needs provided by a
bottom-up approach, it seems that another
perspective is needed for pro-poor adaptation.
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4 Discipline-driven or issue-driven
interdisciplinarity?
Robinson (2008) argues that issue-driven
interdisciplinarity provides a useful paradigm for
meeting the needs of society, particularly those relating
to sustainable use of resources. Pro-poor adaptation is
by its nature driven by a central issue: the needs of the
poor. In contrast, discipline-driven interdisciplinarity is
based on the sum of the component disciplines, and is
therefore likely to be a sub-optimal strategy for
meeting the challenges of pro-poor adaptation. What
is needed is more than simply applied science; it is
fundamental (process-based) needs-driven science that
has no regard for current disciplinary boundaries.
An issue-based perspective provides an alternative to
bottom-up and top-down approaches. In this
paradigm, science is an ongoing two-way
conversation that is iterative and integrative, initiated
either by researchers or by potential users of
information. Such a process involves a needs-based
perspective, as outlined in the third section; but since
the research is fundamental, as opposed to applied, it
also goes beyond this. It can involve issues raised by
the scientific community, such as the need to
incorporate mitigation actions into adaptation
strategies, or how to effectively cycle nutrients in the
soil. This second issue, for example, may be informed
by decision support crop models, which can be used
to determine how much fertiliser to apply. An issue-
based perspective is critical here, since in practice,
the majority of farmers will not use such systems
unless they are actively engaged in dialogue
(‘discussion support’, see Hansen 2005). Similarly,
yield forecasting systems (Challinor et al. 2005a) are a
scientific tool that, together with appropriate
structures and resources for the exchange of
information, could be used to mobilise resources and
alleviate food shortages in low-yielding years, or to
provide advice on crop scheduling.
The need for adapted crops under climate change is
another issue that can drive research. Research using
crop and climate models can determine the
genotypic properties required to adapt to climate
change (Challinor et al. 2007a, 2008b; Challinor and
Wheeler 2008b), but these must be compared with
the full range of existing germplasm (e.g. Challinor
2008), and the work placed in broader context
(Challinor et al. 2007b; Howden et al. 2007; Morton
2007; and see above) before adaptation can be
adequately informed. The broader context is likely to
contain geographically-specific and/or community-
specific requirements. It may include obstacles to the
implementation of the recommendations of
research. For example, farmers may not have access
to the varieties they need, due to external patent
ownership, low income or lack of access to local
markets. The broader context may also include
factors that have remained outside of the research
analysis, either because of geographical specificity or
because of necessary reductionism in the science.
Here, again, an issue-based approach has the
potential to include a range of processes and
perspectives that would not be present in discipline-
based top-down science.
Given the need for full consideration of context, the
most effective way to conduct pro-poor adaptation
research may well be to take – from the outset – a
holistic view that is informed by engagement and
partnership with potential benefactors. Inevitably,
these potential benefactors will have much to
contribute. This realisation is at the heart of the
identification by a major international assessment
(IAASTD 2008) of the need for both local and
formal knowledge in developing sustainable
agriculture. It is time for science to take an issue-
based approach to tackling the challenges of
sustainability and of pro-poor adaptation. This is
more than simply the application of existing science,
no matter how ‘interdisciplinary’ the methods. It
demands greater integration across the scientific
community, and between scientists and
practitioners. In this way, science can be effectively
put at the service of the poor.
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